Sodium ascorbate (SA), acts as an efficient catalyst in the Knoevenagel condensation reaction of aryl aldehydes with Meldrum's acid in water as an environmental friendly solvent. In this reaction, 5-arylidene-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives were obtained with high yields at shorter reaction periods at room temperature. The advantages of this method are simplicity, green, safe, convenient work-up, inexpensive and readily available catalyst.
Introduction
The Knoevenagel condensation is a nucleophilic addition of an active methylene containing compound to carbonyl group, with the aim of forming a carbon-carbon double bond. [1] [2] [3] The synthesized compounds are expedient intermediates in the synthesis of therapeutic drugs, [4] cosmetics, [5] natural products, [6] functional polymers, [7] fine chemicals, [8] [9] agrochemicals, [10] materials for organic solar cells, and nonlinear optical application. [11] [12] [13] [14] Meldrum's acid (2,2-dimethyl-1,3-dioxane-4,6-dione) is an active methylene containing compound having a rigid cyclic structure with high acidity (pKa = 4.9), which readily hydrolyzes. [15] It is well known that Meldrum's acid can undergo reaction with aldehydes and gives the corresponding arylidene derivatives. [16] Routinely, condensation reaction of Meldrum's acid with aryl aldehydes in the presence of catalysts like various amines, ammonium salts and Lewis acids in organic solvents was undertaken. [17] [18] [19] [20] [21] Also, various catalysts using a variety of conditions have been employed in the Knoevenagel condensation of Meldrum's acid with aldehydes. These catalysts include pyrrolidinium acetate in benzene, [22] cellulose sulphuric acid, [23] L-tyrosine under grindstone method, [24] K 3 PO 4 in ethanol, [25] ionic liquid [bmim]BF 4 in the presence of piperidine, [26] [Hmim]Tfa ionic liquid, [27] ethylammonium nitrate at room temperature, [28] piperdine/glacial acetic acid in benzene, [29] anhydrous ZnCl 2 under solvent-free conditions, [30] cetyltrimethylammonium bromide (CTMAB) at room temperature in water, [31] acidic alumina solid support under microwave irradiation, [32] visible light induced uncatalyzed in water-ethanol mixture (1:1 v/v), [33] and TiCl 4 •THF complex in the presence of pyridine. [34] Uncatalyzed reactions were reported using DMF or DMSO as solvents, which are known to be toxic, teratogenicity, suspected carcinogens, and difficult to reuse and in this method also mixtures of unsaturated and Michael addition products can be formed. [35] [36] Furthermore, uncatalyzed condensation reaction between Meldrum's acid and aryl aldehydes in water at 75 ºC for 2 h [37] and support-free in the stoichiometric melt reaction, [38] have also been reported. The aforementioned methods have their own benefit, but suffer from one or more drawbacks such as prolonged reaction time, use of environmentally hazardous catalysts, the use of high boiling solvent (e.g., DMF, DMSO and benzene) that are difficult to recover, use of acid or base catalyst, to prepare the polar medium (e.g., ionic liquids), need to use special apparatus (e.g., microwave or ultrasound irradiation), energy expenses, harsh reaction conditions, and tedious work-up procedures. Thus, the development of new environmental friendly, more effective procedure for the Knoevenagel condensation is of great interest. Water, due to features such as ecological friendly, safe, non-toxic, non-flammable, clean, green, inexpensive and readily available has been attractive. [39] [40] [41] [42] [43] [44] [45] [46] Also, use of water not only diminishes the risk of organic solvents, but also improves the rate of many chemical reactions. Therefore, efforts have been made to perform the Knoevenagel condensation in aqueous media. [37, [43] [44] [45] In consideration of green chemical methodology, we report the use of sodium ascorbate (SA) as a safe, green, and effective organocatalyst for Knoevenagel condensation of aldehydes with 2,2-dimethyl-1,3-dioxane-4,6-dione in water (Scheme 1). SA together with copper salts is used to synthesis of triazole ring by "click reaction" strategy. [47] [48] [49] Furthermore, SA and CuSO 4 pentahydrate in a mixture of tertbutanol/water was applied for preparation of 3,5-disubstituted isoxazoles via 1,3-dipolar cycloaddition. [50] Also, SA was useful reagent for synthesis of 4H-isoxazol-5-ones via three-component process. [51] Scheme 1: Sodium ascorbate-catalyzed Knoevenagel condensation of Meldrum's acid with aryl aldehydes.
Experimental
Melting points were measured on a Buchi 510 melting point apparatus and are uncorrected. were dissolved in water (5 mL). The reaction mixture was stirred at room temperature for the indicated time. After the reaction was completed (monitored by TLC using ethyl acetate: pet ether (2: 3) as an eluent.), reaction content was filtered off and washed with water to give the pure products with high yields. Crude products can be was further purified by recrystallization from 95% ethanol if necessary.
Results and Discussion
In this investigation, initially to optimize the reaction conditions, the Knoevenagel condensation between Meldrum's acid (2) and 4-N,N-dimethylaminobenzaldehyde (1b)
was selected as the model reaction to determine the catalytic amount of SA and to optimize the reaction conditions, results are presented in table 1. The progress of the reaction was monitored by thin-layer chromatography (TLC). After completion, the solid product (3b) was isolated by filtration, characterized by melting point and compared with authentic sample. Using the same reaction conditions, varieties of aromatic aldehydes were separately condensed with Meldrum's acid and the products were obtained with high yields (Table 2 ). As shown in table 2, aromatic aldehydes bearing electron-withdrawing groups such as 2-nitro-, 4-nitro-, 2-chloro-, and 3-chlorobenzaldehyd ( Table 2 , entries 4-6) exhibited higher reactivity than those possessing electron-donating groups and gave the desired products in good to excellent yields in the reaction time mentioned in table 2. Furthermore, the steric effect does not significant effect on the reaction times and yields (Table 2 , entries 4 and 6). The catalyst was also active when heteroaromatic aldehydes, such as furfural and thiophene-2-carbaldehyde, were employed as the substrate. Results were similar to the other aryl aldehydes, and no bis-adduct as well as an excellent selectivity towards the target compound was observed ( Table   2 , entries 11-12).
A plausible reaction mechanism for this condensation is shown in Scheme 2.
On the basis of the chemistry of Knoevenagel condensation, it is reasonable to assume that anion enolate 4 was formed by removal proton from Meldrum's acid with sodium ascorbate (S 
Conclusion
SA was found as an efficient catalyst for Knoevenagel condensation of Meldrum's acid with aryl aldehydes leading to 5-arylidene-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives in high yields under aqueous medium conditions in the presence of the SA at room temperature. The present method has many merits, including readily available, safe, non-toxic and expensive catalyst, environmentally more benign, the easy of product isolation, and the simplicity of methodology.
